Fifteen patients with CT-documented orbital lesions were evaluated with MR imaging at 1.5 T with both conventional spin-echo (SE) and short inversion time inversion recovery (STIR) sequences. Fat signal was reliably nulled at inversion times of approximately 120-200 msec in all cases, thereby allowing clear detection of all retrobulbar lesions and normal structures on STIR images as markedly hyperintense relative to fat. All lesions were also clearly depicted on SE images; in fact, short repetition time/short echo time SE sequences were at least as useful as STIR images for illustrating anatomic structures and mass lesions, and in a much shorter scanning time. Separation of optic nerve from perioptic subarachnoid space was clear on SE images, but often difficult or impossible on STIR images owing to the relatively high intensity of normal optic nerves on STIR images. The synergism of relaxation prolongation with STIR actually resulted in loss of information, as any ability to separate the effects of T1 from T2 on signal intensity was impossible when STIR was the sole pulse sequence.
STIR MR Imaging of the Orbit
Fifteen patients with CT-documented orbital lesions were evaluated with MR imaging at 1.5 T with both conventional spin-echo (SE) and short inversion time inversion recovery (STIR) sequences. Fat signal was reliably nulled at inversion times of approximately 120-200 msec in all cases, thereby allowing clear detection of all retrobulbar lesions and normal structures on STIR images as markedly hyperintense relative to fat. All lesions were also clearly depicted on SE images; in fact, short repetition time/short echo time SE sequences were at least as useful as STIR images for illustrating anatomic structures and mass lesions, and in a much shorter scanning time. Separation of optic nerve from perioptic subarachnoid space was clear on SE images, but often difficult or impossible on STIR images owing to the relatively high intensity of normal optic nerves on STIR images. The synergism of relaxation prolongation with STIR actually resulted in loss of information, as any ability to separate the effects of T1 from T2 on signal intensity was impossible when STIR was the sole pulse sequence.
We believe that more information is obtained with standard SE sequences than with STIR sequences, and therefore SE remains the method of choice for orbital MR imaging.
Orbital lesions have been evaluated by many investigators with spin-echo (SE) MR imaging (1) (2) (3) (4) (5) (6) (7) (8) (9) ; and with the more recent implementation of high-resolution surface-coil techniques [10, 11] , significant advances have been made in MR imaging of the orbit. The orbit is somewhat unique in neuroradiology, in that the background stroma in this area is composed mainly of fat, which has a characteristic appearance on SE images. It has been proposed that short inversion time inversion recovery (STIR) would be useful in evaluating orbital disease [12 , 13] , since one can selectively suppress signal from a tissue (such as fat) based on its T1 by choosing the appropriate inversion time (TI) with this inversion recovery (IR) technique [14] and thereby highlight retrobulbar lesions, the vast majority of which are mainly water-containing . Furthermore, prolongation of T1 and T2 , relaxation behavior characteristic of most diseases, is synergistic with STIR . These relaxation characteristics oppose each other in their contribution to signal intensity in SE imaging [15] . We evaluated the usefulness of STIR MR in depicting orbital disease in 15 patients and compared these images with SE images in these cases .
Subjects and Methods
Fifteen patients, ranging in age from 11 weeks to 66 years, with orbital lesions documented by CT were evaluated with MR imaging on a 1.5-T system : All patients underwent both SE and STIR imaging, and images were obtained in the same plane in each patient with these techniques. SE sequences were performed with both short repetition time (TR)/short echo time (TE) sequences, 600/20/1 (TRITE/excitations), and long TR/multiecho TE sequences , 2500/20-30 , 80/ 2. STIR sequences used TR s of 800-2500 msec and Tis of 120-200 msec. The Tis were selected for the purpose of suppressing signal from fat (13) . All images were displayed with magnitude reconstruction . The appearance of lesions, as well as normal retrobulbar structures, was compared by using these two techniques . AJNR:9 , September/October 1988
The signal intensity (SI) within a pi xel acquired with IR can be determined from the equation [15] , SI = k x N (H) (e-TE {T2)[1 -2 (e-T1{T') + e-TR{T' ], (1) where k = a constant expressing system gain , N(H) is the mobile proton density, and T1 and T2 are the longitudinal and transverse relaxation times, respectively . The TI at the "null point" (i.e., the value of TI for which SI equals zero for the tissue with a specific T1) is given by the equation [15] , Tl nu " = -T1 x In['h (1 + e-TR{T' )]. (2) For TR » T1 , Tl nu" is given by the approximation [13] , Tlnu" = T1 x In 2. With magnitude image reconstruction techniques (when TI is selected for the purpose of nulling signal from fat) , tissues that have recovered longitudinal magnetization either more or less than fat will have a positive signal intensity (and fat will demonstrate very low signal). The Tlnu" for fat was determined either from approximation from equation 2, based on a T1 of 200-250 msec for orbital fat [16] or from direct observation of fat signal peak nulling on the signal profile obtained during the pres can with changes in TI [17] .
Short TR scans were acquired in 2 min 51 sec. Long TR scans were obtained in 10 min 30 sec. STIR scans were obtained in times ranging from 3 min 40 sec to 10 min 30 sec, depending on the TR.
Results
All lesions were clearly delineated by both SE and STIR techniques . Short TRITE SE images demonstrated all lesions, as well as normal retrobulbar anatomy, clearly depicting them . Clear definition of perioptic CSF separate from the optic nerve was usually possible with both short TRfTE and long TRITE scans (Figs. 1, 2, and 4). On Long TRITE images, lesions were portrayed against the background of low-intensity orbital fat (Figs. 1-4 ). Normal extraocular muscles were only minimally hyperintense or isointense relative to fat on this sequence. On SE sequences , the well-known misregistration bands of high intensity and low intensity at fat-water interfaces [18] were noted along the frequency-encoding axis (Fig. 1 ). These artifacts, although often fairly prominent on SE images, were not problematic in any case.
Fat signal was consistently suppressed on STIR imaging at Tis of 120-200 msec in these 15 patients, thereby depicting all other normal retrobulbar structures as relatively hyperintense. Changes in TR alter signal intensities in STIR, since Tlnu" is different if TR is not sufficiently long (equation 2). Increased TR also increases overall signal. Varying TE also changes signal intensities somewhat, since a longer TE adds contrast on the basis of T2 differences (i.e., lesions with long T2 will have a higher signal intensity with a long TE). Relatively small changes in TI resulted in markedly different contrast relationships (Fig. 5) . Therefore, on STIR images, extraocular muscles and optic nerves were markedly hyperintense relative to fat. It was usually difficult and often virtually impossible to separate optic nerve from surrounding CSF because of the high intensity of normal optic nerve (Figs. 1-4) . The highintensity band at one edge of fat-water interfaces from chemical-shift misregistration [18] was eliminated when signal from fat was nulled (Fig. 1) . A region of signal void was identifiable on STIR images at all fat-water interfaces (Figs. 3C, 4B , and c Well-circumscribed mass (1) is well delineated between optic nerve (2) and medial rectus muscle (3) on all sequences. Mass is isointense relative to muscle on short TR/TE (A) and markedly hyperintense on long TRITE (B) images. Mass is hyperintense relative to fat, but approximately isointense relative to muscle, on STIR image (C). Note chemical-shift artifacts (arrowheads) on SE images (A and B), which are absent on STIR image (C). Also, relative hyperintensity of optic nerve (2) on STIR image is not easily distinguishable from peri optic CSF. A c 5) [19] . All lesions were markedly hyperintense relative to fat on STIR sequences (Figs. 1-4) .
Intralesional heterogeneity was depicted on all SE sequences as well as on STIR when present in any sequence (Fig. 2) .
Discussion
IR imaging has been applied to various areas of the body for obtaining images with high contrast, the degree of which is mainly dependent on the TI and its relationship to the T1 of the tissue of interest [14 , 15] . A unique characteristic of IR sequences is the phenomenon of signal nulling. This phenomenon is due to partial recovery of longitudinal magnetization after the initial 180· RF inverting pulse just to the "crossover" pOint [15] , so that the subsequent 90· pulse eliminates all magnetization in the transverse plane just before signal detection. This results in the depiction of all tissue with that particular T1 as very low signal [14, 15] . The null-pont TI (TlnulI) is based on the T1 of the tissue from which one is B o interested in nulling the signal (Fig. 6 ). Tlnull can be determined from the signal-intensity equation (equation 1) for IR [15] . If one considers situations in which TR is » T1 than the equation simplifies to equation 3. Therefore, one can approximate Tlnull by multiplying 0.69 x T1 . (Note that the Tlnul l will vary with applied field strength, since T1 changes with field-strength changes .) A more accurate and individualized assessment of Tlnull can also be obtained by direct observation of the signal profile obtained from prescanning, whereby the (major) fat peak is separable from the water peak (due to the 3.5-ppm difference in resonant frequencies of fat and water protons) [18 , 20] . By varying TI, one can visualize suppression of the fat peak, thereby obtaining the Tlnull for each patient individually [17] . This method of prescanning can be performed in about 2 min. STIR sequences theoretically can be used to highlight all lesions residing in a tissue with a T1 significantly different from the T1 of those lesions simply by selecting TI to concur with the quantity, 0.69 x T1 of the background normal tissue . This has been applied with some success to detecting intrahepatic 
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Note total inversion of contrast relationships in retrobulbar structures between fat (1) and water'containing structures with 50-msec change in TI. When TI is selected so that signal from fat is nulled (A), all retrobulbar structures, including optic nerve (2) and extraocular muscles (3), are markedly hyperintense. It is impossible to separate perioptic CSF from optic nerve on this image. Also note marked hypointensity (boundary artifact) at all fat-water interfaces on both STIR sequences. Note that rate of recovery of longitudinal magnetization (i.e., Tl), relative to TI, determines signal intensity as compared with nulled tissue (fat). In addition, as TE is increased, tissues with longer T2 will have higher signal intensity. Therefore, lesions with long Tl and long T2 will have increased intensity because of both these factors.
lesions [14] . It has been suggested that STIR might be very useful in the orbits [12 , 13] , since most of the retrobulbar compartment is occupied by fat, which has a T1 significantly different from the T1 of other (water-containing) orbital structures and from the expected T1 of the vast majority of (watercontaining) orbital lesions. Furthermore, a relatively long TE can also be selected with STIR , so that prolongation of T1 and prolongation of T2 both cause an increase in signal intensity. This synergistic effect of T1 and T2 prolongation is opposite to the effect on signal intensity of increased T1 and T2 in SE sequences ; that is, an increase in T1 reduces signal intenSity and an increase in T2 increases signal intensity on SE imaging [15] . Since the great majority of lesions exhibit long T1 and long T2 , theoretically STIR would be more sensitive to subtle changes in relaxation parameters, which , at least in theory, might not be detected easily on SE images. Increases in spin density further augment signal intenSity in both STIR and SE imaging .
In our series , STIR sequences did indeed depict lesions with marked conspicuity against a background of very-IowintenSity orbital fat (Figs. 1-4) . In fact, all retrobulbar structures , including extraocular muscles and the optic nerve/ sheath complex, were markedly hyperintense on STIR images. This allowed superb delineation of anatomic relationships behind the globe, and when comparing the long TR/ long TE SE image with the STIR image (on both images, fat is low-intensity), there was no question that STIR depicted extraocular muscles and optic nerves with greater contrast than did the long TRfTE SE images (Figs. 1-4) . However, short TRfTE SE images also allowed superb anatomic delineation of retrobulbar structures, differing from STIR only in that the fat background was of high rather than low intensity. Furthermore, separation of optic nerve from the surrounding CSF was usually accomplished easily with both short and long TRfTE SE images (Figs. 1, 2, and 4) . In our experience , this separation was difficult on STIR images, since the normal optic nerve is relatively hyperintense (Figs. 1-5 ) when fat signal is suppressed .
All lesions were markedly hyperintense on STIR sequences. Although in theory the synergism of prolonged T1 and T2 might be beneficial for detecting subtle retrobulbar changes , no lesion in our series seen on STIR was not detectable on short TRfTE , long TR/short TE , or long TR/long TE SE images. Other authors, however, have noted the usefulness of STIR for documenting optic neuritis [13] . In addition , separation of intrinsic relaxation behavior characteristics, attainable (to a certain extent) from analysis of the three SE images, was virtually impossible from an analysis of STIR images, since prolonged T1, prolonged T2, and increased spin density all increase signal intensity on STIR . This is particularly disturbing in the evaluation of orbital pseudotumor, which has been reported to demonstrate relatively characteristic signalintensity patterns on SE images [21] , probably related to the highly fibrous nature of this entity. These lesions are usually isointense or only minimally hyperintense relative to fat on long TRllong TE SE images (Fig . 3) , in contrast to the appearance of clinically similar but more ominous diseases, such as retrobulbar malignancies (Fig . 4) , which are usually markedly hyperintense on long TRllong TE SE images [21] . STIR depicts both types of disease as markedly hyperintense, reducing any potential specificity for MR imaging in distinguishing these lesions. Furthermore, contrast relationships that use STIR sequences are highly dependent on accurate flip angles, since errors in flip angle would alter the null point and would dramatically change relative signal intensities.
One side benefit to suppressing signal from orbital fat is the elimination of the high-intensity band perpendicular to the frequency-encoding axis seen on SE images at fat-water interfaces due to misregistration (Fig. 1) [18] . Practically speaking, however, this chemical-shift misregistration artifact is now well known to all those who interpret SE images and is rarely a problem in diagnosis. Other, more rapid methods have been proposed to eliminate possible confusion from this artifact in orbital imaging [22 , 23] . In fact, another artifact is present on STIR images at fat-water interfaces, consisting of a rim of signal void (Figs. 3C, 48, and 5 ). This can be ascribed to intravoxel signal cancellation when longitudinal magnetization of different materials are approximately equal in magnitude but opposite in direction (i.e., they are 180· out of phase). In this case, voxels that derive signal contributions equally from fat and water protons (such as the situation at fat-water interfaces) have a recovered longitudinal magnetization that averages to zero . This situation, in fact, is the same as if the T1 of the voxel corresponded to the null point. This has been termed the "opposed magnetization artifact, " which depends on the difference in T1 s between tissues rather than on relative chemical-shift differences [19] .
In conclusion , STIR imaging can be performed to successfully suppress signal intensity from orbital fat and thereby provide high-contrast images of the orbit. These images allow excellent anatomic delineation of normal structures as well as retrobulbar mass lesions. All lesions in our series were depicted as markedly hyperintense on STIR images. However, short TRITE SE sequences were equally useful in illustrating anatomic structures and mass lesions, and in a much shorter scanning time . This decrease in scanning time allows highresolution surface-coil imaging to be performed with less interference from motion artifacts, a frequent problem in orbital MR imaging . Furthermore, separation of optic nerve from perioptic subarachnoid CSF was clear on SE images, but often difficult or impossible when STIR was the sole pulse sequence. Although the high intensity of chemical-shift artifacts was virtually eliminated with STIR , these artifacts are well known and easily recognizable on SE images. Therefore, despite the high-contrast images of the orbit produced by STIR , which allows excellent anatomic delineation of normal structures and mass lesions, we believe that more information is obtained with standard SE sequences, and therefore SE remains the method of choice for orbital MR imaging.
